S everal corneal abnormalities result in decreased visual acuity because of either irregular astigmatism or corneal opacity. Corneal degenerations, ectasias, dystrophies, keratoconjunctivitis sicca, and scars are examples of abnormalities that can reduce vision. The management of these patients may include fitting corneal rigid gas permeable (GP) contact lenses. 1 However, fitting these lenses in advanced cases can be challenging as a result of lens decentration, dislocation, or discomfort. Surgery may be the next option for those patients who cannot be fitted or are unable to tolerate contact lenses. Modern scleral lenses offer a new alternative for patients who have not had success with other lens types.
Scleral lenses were first reported in 1888 by Adolph Fick and have now been reintroduced in newer materials. The manufacturing process for scleral lenses has been improved, and larger lens diameters can now be accurately reproduced. The designs of contemporary scleral lens prototypes were largely developed by both Don Ezekiel, O.D., and Perry Rosenthal, M.D. 2, 3 Recently, scleral lenses have been manufactured using high Dk materials. Parame-ters including diameter, base curve, peripheral curve, and power can be customized for each lens.
Scleral lenses are large-diameter GP lenses that rest beyond the limits of the cornea on the sclera. Successful fitting of scleral lenses may defer surgical intervention and decrease the risk of corneal scarring. 4 Scleral lenses may be indicated for primary corneal ectasias (keratoconus, keratoglobus, pellucid marginal degeneration) and secondary corneal ectasias (post-laser-assisted in situ keratomileusis [LASIK], post-photorefractive keratectomy, post-radial keratotomy). They are also used for post-corneal transplant patients and in patients with scars from corneal trauma. Scleral lenses may also benefit patients with corneal dystrophies or degenerations such as Salzmann nodular degeneration and Terrien marginal degeneration. Scleral lenses can be used in patients with severe dry eyes, graft versus host disease, Sjogren syndrome, Stevens-Johnson syndrome, neurotrophic keratopathy, or chronic inflammatory conditions such as limbal stem-cell deficiency or ocular cicatricial pemphigoid. Other indications for scleral lenses include neovascularization induced by hybrid lens designs, poor comfort with traditional GP designs, complex blepharoptosis, and high refractive error. Scleral lenses are helpful for patients who are active in sports providing a lower risk of loss compared with corneal lenses.
The purpose of this study was to evaluate the indications and clinical results of fitting the Jupiter Scleral Lens in patients with corneal abnormalities at the UC Davis Eye Center. UC Davis stands for the University of California, Davis. The UC Davis Health System, which is located in Sacramento, CA, is the site of the UC Davis Eye Center, a regional referral center that sees approximately 50,000 patients per year and provides comprehensive ophthalmology services, optometric services, and specialty services including cornea and external disease, glaucoma, vitreoretinal surgery, oculoplastic surgery, pediatric ophthalmology, neuroophthalmology, and refractive surgery. The Eye Center serves a large cachement area including the Sacramento Valley from the Oregon border to Fresno and from Western Nevada to the edge of the San Francisco Bay area.
MATERIALS AND METHODS
The electronic medical record of 63 patients fitted with scleral lenses (from October 2009 to March 2011) by 3 optometrists at the UC Davis Eye Center were reviewed. The variables analyzed included basic demographic data, diagnosis, previous contact lens wear, previous surgery, length of scleral contact lens wear, and (where applicable) the reason for abandoning lens wear. In addition, best correct visual acuity (BCVA) before and after scleral fitting and subjective assessment of vision and comfort were examined.
All the patients were fitted with Jupiter Scleral Lenses (Essilor Contact Lens Division, Dallas, TX). The Jupiter scleral lens (Medlens Innovations/Essilor) ranges from 15.0 to 24.0 mm in diameter but may be customized to any diameter. It is a semisealed lens that does not need to align closely with the cornea. The ideal fit of a scleral lens is a complete vault over the cornea and limbus with resting on the sclera. The Jupiter scleral lens has three zones: the corneal zone that includes the central corneal curve and the aspheric peripheral corneal curve; the limbal zone; and the scleral zone made up of the aspheric scleral curve and the aspheric edge curve. The lenses are fit on the principle of sagittal depth, which is the measurement from a flat plane to the highest point of a concave surface. If the sagittal depth of the lens is too high, central bubbles will form under the lens. If the sagittal depth is too low, there may be excessive central touch and peripheral bubbles. All the lenses were fitted with complete corneal clearance without the presence of "feather touch." The scleral lens should vault the limbal area and align with the scleral conjunctiva. Others have demonstrated that the Jupiter scleral lens provides acceptable visual acuity and comfort in patients with keratoconus. 5 The statistical analysis of the variables was compared using linear mixed effects models with a random effect for each patient. In this setting, the linear mixed effect model may be viewed as analogous to a t test but adjusted for correlations between data from eyes from the same patient. The distributions of binary variables were compared between groups using clustered logistic regression, which likewise accounts for any correlations between data from eyes from the same patient.
RESULTS
One hundred and seven eyes of 63 patients (41 men and 22 women) were fitted with scleral lens between October 2009 and March 2011. The length of follow-up ranged from 3 to 17 months. The mean age of the patients was 47.5 years (range = 8-84). Sixty-seven eyes demonstrated keratoconus (where 18 eyes had undergone surgery). Other conditions included pellucid marginal degeneration (7 eyes), irregular astigmatism post penetrating keratoplasty-for other conditions than keratoconus-(14 eyes), irregular astigmatism post radial keratotomy (3 eyes), post-LASIK ectasia (5 eyes), corneal scarring (post trauma or herpetic disease) (3 eyes), Salzmann nodular degeneration (1 eye), aphakia (3 eyes), recurrent erosion syndrome (2 eyes), keratoconjunctivitis sicca (1 eye), and chronic graft versus host disease (1 eye) ( Fig. 1) . Eighty-six eyes (80%) had been fitted with contact lenses and were either clinically intolerant of the lenses and/or were subjectively unhappy with them ( Fig. 2) . Fifty-two eyes had worn GP contact lenses, 17 soft contact lenses, 6 piggyback lenses, 26 hybrid lenses, and 2 scleral lenses fitted elsewhere. The mean diameter of scleral lenses was 16.6 mm (range = 14.8 mm-20.2 mm).
Reports of subjective visual acuity were good or better in 79% of the eyes evaluated. The lenses were either comfortable or comfortable in 84% of eyes. Best-corrected visual acuity before scleral lenses with spectacle or contact lens correction was 20/30 or better in 25 eyes (23% of eyes) of the patients who wore glasses, and 44 eyes (41%) of patients wearing contact lenses. With a scleral lens, BCVA was 20/30 or better in 78 eyes (73%) of patients (Figs. 3A, B) .
A mean of 3.2 lenses per eye ranging from 1 to 8 was needed to obtain the ideal scleral lens. The mean return to clinic was 6.2 times in a period of 3 to 17 months.
Linear mixed effect models detected no significant difference between keratoconus patients who had prior surgery versus those who did not in improvement of vision compared with their previous contact lenses (P=0.203). Both groups demonstrated better vision with scleral lenses compared with their current glasses or contact lenses. (P=0.296).
The patients who abandoned scleral lenses exhibited significantly less improvement in visual acuity relative to previous contact lenses or glasses when compared with those who did not abandon scleral lens wear (P=0.005, Figs. 3A, B) . The patients who abandoned scleral lens wear were also significantly less likely to find the lenses comfortable (P=0.029).
The mean age (P=0.949), mean scleral lens diameter (P=0.186) and distribution of genders (P=0.986) did not differ significantly between patients who abandoned scleral lenses and those who did not.
After at least 3 months of wear, 25 eyes (23%) abandoned scleral lenses. During the patient returns to clinic, there were some complaints associated with scleral lens wear. Those included excessive tear debris, discomfort or pain, haze, blurriness or halos, and handling difficulties with insertion and removal of the lens (Fig. 4 ).
DISCUSSION
In this study, we report the results of scleral lens fitting with the Jupiter Lens in 107 eyes of 63 patients with a variety of ocular conditions. Eighty-six eyes (80%) had been fitted with contact lenses and were either intolerant of them or were unhappy with their visual acuity. Clinicians have advocated surgical procedures such as the placement of intracorneal ring segments or corneal transplantation as the next step in management. With the availability of effective scleral lenses, patients may now have an additional nonsurgical option. Our data demonstrate that even patients with corneal scars may benefit from scleral lenses (Fig. 5 ). Some in our series attained BCVA of 20/20. The most common conditions in our study were corneal ectatic disorders (keratoconus [Figs. 6, 7] , pellucid marginal degeneration, post-LASIK ectasia) and irregular astigmatism after corneal transplant surgery. Although the literature demonstrates the utility of scleral lenses in patients with dry eyes or other ocular surface disease, [6] [7] [8] [9] [10] [11] [12] [13] our series included only one patient with chronic graft versus host disease and one patient in whom the primary diagnosis was keratoconjunctivitis sicca.
The improvement of BCVA compared with previous contact lens or spectacle correction in all our cases was a mean gain of 3.5 Snellen lines (SD=2.6). When fitting scleral lenses in patients with keratoconus, Schornack et al. 5 found an improvement of 2.9 Other authors report success not only in BCVA but also in symptoms after fitting scleral lenses in patients with ocular cicatricial penphigoid, Stevens-Johnson Syndrome, graft-versus-host disease and complex blepharoptosis. [6] [7] [8] [9] [10] [11] [12] Eighty-four eyes in our study thought the scleral lenses were comfortable or comfortable. Some indicated that the scleral lenses provided the best comfort of all the lens types they had tried. Comfort is one of the primary advantages of scleral lenses, because the lens vaults the cornea and rests on the sclera, which has lower sensitivity. 2 Twenty-five eyes (17 eyes from male patients and 8 from female patients) of our total data abandoned scleral lens wear after at least 3 months of wear. Eighteen eyes (72%) had worn contact lenses before. These patients demonstrated a significantly less improvement in visual acuity relative to previous contact lenses or glasses when compared with those who did not abandon scleral lens wear (P=0.005, Figs. 3A, B) . The patients who abandoned scleral lens wear were also significantly less likely to find the lenses comfortable (P=0.029). Eighty-four percent of this group reported complaints (Fig. 4) . The mean age (P=0.949), mean scleral lens diameter (P=0.186), and distribution of genders (P=0.986) did not differ significantly between patients who abandoned scleral lenses and those who did not.
In summary, scleral lenses were an effective option for most of our patients with corneal abnormalities providing, in a significant number of cases, both better visual acuity and comfort.
